Using the aa index over the last 14 solar cycles to characterize 1 extreme geomagnetic activity. 2 Key Points: 8 • We present a new method that parameterizes extremes of 14 solar cycles of the aa 9 geomagnetic index 10 • We find a 4% (28%) chance of at least one great (severe) storm per year over 14 11 solar cycles 12 • A D ST weaker than −1000nT Carrington storm is in the same occurrence rate dis-13 tribution as other super-storms since 1868 Abstract 15 Geomagnetic indices are routinely used to characterize space weather event intensity. The 16 D ST index is well resolved, but is only available over 5 solar cycles. The aa index extends 17 over 14 cycles but is highly discretized with poorly resolved extremes. We parameterize 18 extreme aa activity by the annual averaged top few % of observed values, show these 19 are exponentially distributed and they track annual D ST index minima. This gives a 14 20 cycle average of ∼ 4% chance of at least one great (D ST < −500nT) storm and ∼ 28% 21 chance of at least one severe (D ST < −250nT) storm per year. At least one D ST = −809 22 [−663, −955]nT event in a given year would be a 1:151 year event. Carrington event es-23 timate D ST ∼ −850nT is within the same distribution as other extreme activity seen in 24
(−)D ST records do indeed both follow the variation within and between solar cycles in the 170 same manner despite the discretization present in the aa index. We can hence use aa to 171 -4-ESSOAr | https:/doi.org/10.1002/essoar.10501379.2 | CC_BY_NC_4.0 | First posted online: Thu, 23 Jan 2020 11:30:29 | This content has not been peer reviewed. averages of the largest 0.5 % and the largest 5 % aa values. 195 We use the data from the last 5 solar cycles to obtain an approximate mapping be-196 tween values of extreme activity in D ST and aa parameterized as above. We expect from 197 Figure 1 that the large to extreme records of aa will track those of D ST . As discussed 198 above, the amplitude of D ST is well resolved, so that we can consider the single observed 199 minimum D ST record that occurs in any given calendar year as a measure of the most se-200 vere storm that occurred in that year. Figure 3 overplots versus time the non-overlapping 201 calendar year annual averages of the largest 0.5 % of the homogenized aa index with the 202 maximum of (-) D ST that occurs in the same calendar year. We see that these quantities 203 do track each other, albeit imperfectly. ). We need to choose a high threshold in order to isolate the largest events seen in each 222 year of the aa index in order for these to be comparable with the largest annual minimum 223 value of the D ST index. This confirms that the correspondence is not strongly sensitive to 224 the particular choice of high threshold. As we would expect, the correspondence will be 225 poor between the annual averages of aa and the largest annual minimum of D ST and this 226 is indeed the case with r = 0.4 (panel f). We therefore focus on the annual averages of the 227 largest few % of the aa index as the parameter for extreme activity. 228 We now use this least squares fit to read across between annual averages of the Tables III (fast transit events -7-
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